NASA 

Technical 

Memorandum 


(pDk^a 
' % 


NASA TM - 103508 


ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE 
(STS-31 ) LAUNCH 


By G.L. Jasper and G.W. Batts 
Space Science Laboratory 


June 1990 


N90-28913 

Unci as 
0303931 


NASA 

National Aeronautics and 
Space Administration 

George C. Marshall Space Flight Center 


(NASA— TM— 103508) ATMOSPHERIC ENVIRONMENT 
FOR SPACE SHUTTLE (STS-31) LAUNCH (NASA) 

46 p | CSCL 138 


MSFC - Form 3190 (Rev. May 1983) 



NASA Report Documentation Page 

National Aeronautics and • 

Space Administration 


1 . Report No. 2. Government Accession No. 

NASATM- 103508 


4. Title and Subtitle 

Atmospheric Environment for Space Shuttle (STS-31) 
Launch 


3. Recipient's Catalog No. 


5. Report Date 

June 1990 


6. Performing Organization Code 


7. Author(s) 


8. Performing Organization Report No. 


G.L. Jasper and G.W. Batts* 


10. Work Unit No. 


9. Performing Organization Name and Address 

George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 


1 2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, DC 20546 


11. Contract or Grant No. 


1 3. Type of Report and Period Covered 

Technical Memorandum 


14. Sponsoring Agency Code 


15. Supplementary Notes 

Prepared by Space Science Laboratory, Science and Engineering Directorate. 
*New Technology Incorporated, Huntsville, Alabama. 


16. Abstract 

This report presents a summary of selected atmospheric conditions observed near space 
shuttle STS-31 launch time on April 24, 1990, at Kennedy Space Center, Florida. Values of 
ambient pressure, temperature, moisture, ground winds, visual observations (cloud), and winds 
aloft are included. The sequence of pre-launch Jimsphere-measured vertical wind profiles is 
given in this report. The final atmospheric tape, which consists of wind and thermodynamic 
parameters versus altitude, for STS-31 vehicle ascent has been constructed. The STS-31 ascent 
atmospheric data tape has been constructed by Marshall Space Flight Center’s Earth Science and 
Applications Division to provide an internally consistent data set for use in postflight perfor- 
mance assessments and represents the best estimate of the launch environment to the 400,000-ft 
altitude that was traversed by the STS-31 vehicle. 


1 7. Key Words (Suggested by Authors)) 

STS-31 Launch Atmospheric Summary 
Pressure, Temperature, Relative Humidity 
Winds, Winds Aloft, Clouds 
Space Shuttle 


19. Security Classif. (of this report) 

Unclassified 


18. Distribution Statement 


Unclassified - Unlimited 


20. Security Classif. (of this page) 

21. No. of pages 

Unclassified 

46 


22. Price 

NTIS 


NASA FORM 1626 OCT 86 


For sale by the National Technical Information Service, Springfield, VA 22161-2171 




















ACKNOWLEDGMENTS 


The authors wish to thank the personnel of NASA Kennedy Space Center (KSC), along 
with those at the Cape Canaveral Air Force Station and their Computer Sciences Raytheon con- 
tractors, for the acquisition and distribution of all related KSC atmospheric data received at MSFC. 

Thanks are due to Deanna Skow of the Earth Science and Applications Division, MSFC, for 
her help in extracting atmospheric data that are used in this report. Thanks are due to Janice 
Bijvoet (Sverdrup Technology. Inc.) for her help in extracting the satellite cloud photographs that 
are used in this report. Also, special thanks to Bill Jeffries of New Technology. Inc., for his 
assistance in processing all the upper air data used in producing the STS-31 final atmospheric data 
tapes. Finally, appreciation is expressed to Ray Sparks and Kimberly Wilkie of NTI for the 
computer support in attaining pad measurements. 



TABLE OF CONTENTS 


Page 

I. INTRODUCTION 1 

II. SOURCES OFDATA 1 

III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME 2 

IV. SURFACE OBSERVATIONS AT LAUNCH TIME 2 

V . UPPER AIR MEASUREMENTS DURING LAUNCH 2 

A. Wind Speed 2 

B . Wind Direction — 3 

C. Prelaunch/Launch Wind Profiles — — 3 

D. Thermodynamic Data — ... ... 3 

E. SRB Upper Air and Surface Measurements ... 3 

REFERENCES 37 


iii 



LIST OF ILLUSTRATIONS 


Figure Title Page 

1 . Surface synoptic chart 34 min before launch of STS-31 27 

2. 500 mb map 34 min before launch of STS-31 28 

3. GOES-7 infrared imagery of cloud cover 8 min before launch of STS-31 
(1226 u.t., April 24, 1990). 500-mb heights (meters) and wind barbs 

are also included for 1 200 u.t. ...... .. 29 

4. Enlarged view of GOES-7 visible imagery of cloud cover taken 8 min 
before launch of STS-31 (1226 u.t., April 24, 1990). Surface temperatures, 

isobaric parameters, and wind barbs for 1200 u.t. are also included ............ 30 

5 . Scalar wind speed and direction at launch time of STS-3 1 31 

6. STS-31 prelaunch/launch Jimsphere-measured wind speeds (ft/ s) 32 

7. STS-31 prelaunch/launch Jimsphere-measured wind directions (degrees) 33 

8. STS-31 prelaunch/launch Jimsphere-measured in-plane component winds 

(ft/s). Flight azimuth == 90 degrees 34 

9. STS-31 prelaunch/launch Jimsphere-measured out-of-plane component 

winds (ft/s) . Flight azimuth = 90 degrees ......... 35 

10. STS-3 1 temperature profiles versus altitude for launch (ascent) 36 



LIST OF TABLES 


Table Title Page 

1 . Selected atmospheric observations for the flights of the 

space shuttle vehicles . . .... . 4 

2. Systems used to measure upper air wind data for STS-3 1 ascent 7 

3. KSC surface observations at STS-31 launch time....... 8 

4. STS-31 pre-launch through launch KSC pad 39B atmospheric 

measurements 9 

5 . STS-3 1 ascent atmospheric data tape 10 


v 



TECHNICAL MEMORANDUM 


ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-31) LAUNCH 

I. INTRODUCTION 


This report presents an evaluation of the atmospheric environmental data taken during the 
launch of the space shuttle/STS-3 1 vehicle. This space shuttle vehicle was launched from pad 39B 
at Kennedy Space Center (KSC), Florida, on a reference bearing of 90-degrees east of north, at 
1234 u.t. (0834 e.d.t.) on April 24, 1990. 

This report presents a summary of the atmospheric environment at launch time (L + 0) of 
the STS-3 1 , together with the sequence of prelaunch Jimsphere-measured winds-aloft profiles from 
L— 4.2 h through liftoff. The general atmospheric situation for the launch and flight area is 
described, and surface and upper level wind/thermodynamic observations near launch time are 
given. Since a ship was unavailable for STS-31 duty, the solid rocket booster (SRB) descent/impact 
atmospheric data were not taken. However, one can use the STS-31 ascent data for SRB studies as 
the best substitute. 

Previous MSFC-related launch vehicle atmospheric environmental conditions have been pub- 
lished as appendix A of individual MSEC Saturn Flight Evaluation Working Group reports [1]. 
Office memorandums have been issued for previous flights giving launch pad wind information. A 
report has also been published [2] which summarizes most launch atmospheric conditions observed 
for the past 155 MSFC/ABMA-related vehicle launches through SA-208 (Skylab 4). Reports 
summarizing ASTP, STS- 1 through STS-36 launch conditions are presented in references 3 through 
29, respectively. Table 1 gives the atmospheric L+0 launch conditions for all the space shuttle 
missions. 


II. SOURCES OF DATA 


Atmospheric observational data used in this report were taken from synoptic maps made by 
the National Weather Service, plus all available surface observations and measurements from 
around the launch area. Upper air observations were taken from balloon-released instruments sent 
aloft from Cape Canaveral Air Force Station (CCAFS). High-altitude winds and thermodynamic 
data were measured by the Super-Loki rocketsondes launched from the CCAFS. Table 2 presents a 
listing of systems used to obtain the upper level wind profiles used in compiling the final ascent 
atmospheric data tape. Data cutoff altitudes are also given in table 2. 



III. GENERAL SYNOPTIC SITUATION AT LAUNCH TIME 


A weak area of high pressure, centered over South Carolina dominated the weather pattern 
over KSC during the launch of STS-31. Surface winds were generally light and northerly. Figure 1 
presents the surface map 34 min before launch of STS-31. Northerly winds controlled the flow 
aloft over the KSC area. Figure 2 shows the winds aloft condition at the 500- mb level 34 min 
before launch. 

Clouds were scattered to broken over eastern Florida prior to the launch of STS-3 1 . Figure 
3 depicts the GOES-7 infrared picture at 1226 u.t. (8 min prior to liftoff) with the 500-mb heights 
and wind barbs superimposed. Figure 4 presents an up-close visible shot of the Florida peninsula as 
recorded by GOES-7, taken also at 1226 u.t. 


IV. SURFACE OBSERVATIONS AT LAUNCH TIME 


Surface observations at launch time for selected KSC locations are given in table 3. 

Included are pad 39B, shuttle runway, and CCAFS balloon release station observations. Neither 
precipitation nor lightning was observed at launch time. 

Table 4 presents pad 39B wind data along with other standard hourly atmospheric meas- 
urements and sky observations for the 6-h period prior to launch of STS-31. Values for wind speed 
and direction are given for the 18-m (60- ft) pad light pole level. 


V. UPPER AIR MEASUREMENTS DURING LAUNCH 


The FPS-16 Jimsphere (1121 u.t.), MSS Rawinsonde (1318 u.t.), Super-Loki rocketsonde 
(1410 u.t.), and Super-Loki Robin (1330 u.t.) systems were used to measure the upper level wind 
and thermodynamic parameters for STS-31 launch. At altitudes above the measured data, the 
Global Reference Atmosphere Model (GRAM) [31] parameters for April KSC conditions were 
used. A tabulation fo the STS-31 final atmospheric data for ascent is presented in table 5 which 
lists the wind and thermodynamic parameters versus altitude. A brief summary of parameters is 
given in the following paragraphs. 


A. Wind Speed 

At launch time, wind speeds were 18.6 ft/s (11.0 kn) at 60 ft and increased to a maximum 
of 95.8 ft/s (56.7 kn) at 31,300 ft (9,540 m). Wind speeds decreased above this level and fell to a 
minimum of 53.5 ft/s (31.7 kn) at 48.600 ft (14.813 m). Winds increased above this altitude and 
achieved a maximum of 75.8 ft/s (44.9 kn) at 49.900 ft (15.210 m) and decreased above this 
level. The next significant maximum occurred at 168,000 ft (51,206 m) and was 86.1 ft/s (51.0 
kn). The last measurable maximum wind speed was 170.4 ft/s (100.9 kn) arid it occurred at the 
275,000 ft (83,820 m) altitude. 
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B. Wind Direction 


At launch time, the 60-ft wind direction was from the east (080°) shifting to a north- 
erly component at 17,300 ft (5,273 m). Above this altitude winds took a northwesterly component 
and continued throughout 71,000 ft (21,641 m). Winds were variable above this level and took on 
a Consistent northeasterly component at 227.000 ft (69.190 m). Wind directions remained north- 
easterly throughout the last measurable altitude of 275,000 ft (83,820 m). Figure 5 depicts the 
complete wind versus altitude profile specifying wind direction on the right side. 

C. Prelaunch/Launch Wind Profiles 

Prelaunch/launch wind profiles given in figures 6 through 9 were measured by the 
Jimsphere FPS-16 system. Data are shown for four measurement periods beginning at L-4.20 h 
and extending through L+ 15 min. 

The wind speed and direction profiles for the 4.20-h period prior to and including L+ 15 
min are shown in figures 6 and 7. The in-plane (head-tail wind) and out-of-plane (left-right 
cross wind) profiles are given in figures 8 and 9. The wind speeds and in-plane component speeds 
were mostly less than the April mean wind values at nearly all altitude levels. The out-of-plane 
component speeds were less than the April 90-percentile wind values and equalled to the April 
mean wind values below the 20,000-ft altitude. 


D. Thermodynamic Data 

The thermodynamic data, taken at STS-31 launch time, consisted of atmospheric tempera- 
ture, dew-point temperature, pressure, and density. These data have been compiled as the STS-31 
ascent atmospheric data are presented in table 5. Missing data is indicated by -9999.00 in table 5. 
The vertical structure of temperature and dew-point temperature for STS-31 ascent are shown 
graphically versus altitude in figure 10. 

E. SRB Upper Air and Surface Measurements 

As has been mentioned in the introduction, since there was no ship available, an SRB 
descent atmospheric data tape has not been constructed. The tabular values for the ascent atmos- 
pheric tape, as presented in table 5, should be used for SRB descent/impact studies since it is the 
closest measured data source. 
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Table 1. Selected atmospheric observations for the nights of the space shuttle vehicles (continued). 
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Table 1. Systems used to measure upper air wind data for STS-31 ascent. 
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Table 3. KSC surface observations at STS-31 launch time. 
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Table 4. STS-31 pre-launch through launch KSC pad 39B atmospheric measurements. 
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Table 5. STS-31 ascent atmospheric data tape. 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued) 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5 . STS -31 ascent atmospheric data tape (continued). 


I0888888888888888888888888888 8 8888888888888888888888 

O • • • • • 


a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


UJ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

UJ 

a 


0 

1 

0 

1 

0 

» 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

» 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

t 

0 

1 

0 

• 

0 

1 

0 

1 

0 

1 

0 

1 


> co 0 

0 

co 

co 

0 

n 

co 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

to 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

f- 2 O 

0 

O 

O 

0 

O 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

\ 4 

4 

4 

4 - 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

in 2 uj 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

2 < 0 


10 

b' 

0 

O 

CM 

CO 

in 

b- 

CO 

10 

0 ) 


CO 

CO 


0 ) 

CO 

CO 

CO 

0 ) 


CO 

CO 


CO 

CO 

0 ) 

0 

in 

CM 


CO 

in 

O 

r- 

rt 

CM 

in 

Q 

0 ) 

rr 

CO 

in 

O 

10 

CO 

in 

O 

uj cr 0 

CO 

b- 

10 

in 

in 


CO 

CM 


0 

IP 

CM 

0 

in 


b> 

CO 

0 

10 

CM 

CO 

in 


CO 

in 

CM 

CO 


CM 

0 ) 

b- 


+- 

co 

10 

CM 

in 

00 

CM 

0 

in 

00 

■O' 

CM 


O 

f“ 

CM 


0 O 0 

0 

O 

0 

0 

0 

O 

0 

0 

0 

0 

CO 

CO 

b* 

b- 

b- 

10 

10 

10 

in 

in 

rr 



CO 

co 

CO 

CM 

CM 

CM 


**“ 

«r- 

■»- 

O 

O 

O 

0 ) 

10 

^r 

CM 

0 ) 

10 


CM 

O 

CO 

10 

TT 

CM 


,r " 

**- 





*“ 

*“ 

**“ 


— 


T- 

” r * 



' r ' 





"" 



' r_ 









*r- 



0 ) 

0 ) 

O) 

0 ) 

co 

CO 

CO 

CO 

CO 

b* 

N 


b* 

d 

d 

d 

d 

0 0 

d 

d 

d 

d 

d 

000 

d 0 

0 d 

OOO 

d 

d 

0 0 

d 

0 0 

d 

d 

O O 

O O 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

O 

d 

d 

O 

d 

d 


in co 

CO 

CO 

CO 

CO 

CO 

CO 

(0 

CO 

CO 

CO 

CO CO CO 

CO CO 

CO 

CM 

CM CM CM 

CM 

CM 

CM CN 

CM 

CM CM 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

uj a 0 

O 

0 

0 

0 0 

O 

0 

0 

0 

0 

000 

0 0 

O O 

OOO 

O 

O 

O O 

O 

O O 

O 

O 

O O 

O O 

c 

O 

O 

O 

O 

O 

O 

C 

O 

c 

O 

O 

O 

O 

O 

O 

a < 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 4 4 

4 4 

4 

4 

4 4 4 

4 

4 

4 4 

4 

4 4 

4 

4 

4 4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 co UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ UJ UJ 

UJ UJ 

UJ 

UJ 

UJ UJ UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ UJ 

UJ 

UJ 

UJ UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

in >-« co 

b~ 

•»— 

10 

Q 

TT 

cc 

CO 

c- 

CM 

10 

CO O co 

r- — 

10 

in 

in O’* 

CO 

0 ) 

10 0 ) 

10 

r- n 

in 

CM 

co b* 

U) 

CO 

in 

10 

CM 

CM 

IP 

in 

b- 

CM 





CO 

0 ) 

CO 

0 ) 

m -j cm 

V 


O 

O 

0 ) 

CO 

CO 


b- 

J 0 

CO ^ CO 

in co 

O 

■*- 

b- 

CO 

10 

in 


Tf IT) 

10 

CO 

O CM 

in 

CO 

CM 

10 

T- 

10 

»» 

b- 

co 

O 

b' 


CM 

0 

CO 

10 

in 


UJ -J CM 

CM 

CM 

CM 

CM 



*- 




^ ^ 0 

O O 

O 

co 

in co — 

CO 

10 

CM 

O 

CO 10 


CM 

0 ) 

b- 

in 


CM 

■*“ 

0 ) 

CO 

10 

in 

rr 

CM 


O 

0 ) 

b' 

IP 

in 

Tj- 

a 4- 

•r* 

*■ 



■r* 









0 ) 

0 ) 0 ) 0 ) 

CO 

CO 

GO CO 

CO 

b> b* 

b- 

b- 

b» 10 

10 

10 

10 

10 

10 

in 

in 

in 

in 

in 

in 

in 

in 

’T 




rr 

““ w 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


ui 

a 

hOO(OMOiotn«^oo) 

a 0 • • • • * • • • * • 

UJ UJ 0) 0) 0) 0) 0) 0) 0) O O O o 

o. o 10 in 10 in If) LD if) 10 IP 10 10 

5 w t 11 1 I II t 11 1 


0) 0) O) 0) 0) 0) 0) 0) 0) 0) 0) 0) 0) 

ip ip ^ o < 3 - h* in ip o) ip ^ to 


O'-omnn^in^nifuntn 

ipipipipipiptpiripipipipip 
1111 1 1 1 iti iii 


0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 00 ) 0 ) 0 ) 0 ) 0 ) 
cm o in — o) cn o ^ 00 00 00 


tncpipip^rinipb-r-ipipb'in 

1010101010101010101010 10 10 

1 i 1 1 11 1 1 111 1 1 


0)00)0)0)00000)0)0)0) 

^con^Otfico'TOUJ^MO 


o co to to o O o o o o o 
tciptptoiptpipipinintninin 
1 1 1 « 1 1 1 i 1 1 1 1 i 


2 

O 

H* 

a 088 88 88 8 8 8 88 88 8 8 8 8 8 8 8 8 8 8 88 8 8 8 8 8 8 8 88 8 8 8 88 8 8 88 8 8 88 8 88 

w in ■ • • ...... . . . . 

O o n co tt cm o in co ip o O co b- b- — in co o o in *- o O cm in co co r- n to r* * **■* co ^ O ip cm co o in in o O rt o O o co 
^OOOOoooocoocoN^^cococococococor-oococococococoococooOO — cMCMoocMOinninipr-ooO 

D fOCOtOCOCNCNCNCMCNCMCNCNCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCOCOCOCOtOCOCOCOCMCMCMCNCMCMCMCMCO 


3 


o 

ll I ^ 

UJ U 

a. uj in o in co ■*- in b* eo in o cm cm to in in cm co cm rr t? o> co ip o b- in o in in in in cm co b- in co co 10 «- r- h* o cm — cm in *- 

t/)i/)in<0Or>i0O<0c , )t^coTrt^oO!^ , !r , ^incMOCMCMincMOOOt^i^-*-^'»~**-co-^tni0Ocoini0OOc , )C0(0Oinin 


O^-o<0CM'*-’^cMcr)Oi^oinG* , - , ^coinr)Oco<0f^^t0ino-^oi0OCMCMCMCM < *-o<0 ,r *<0Ot0O^^CMrMO’5f^o 

2 u. 15 (p 10 ie ip id ip in in in u> UM 5 in in in in ^ ^ ^ ^ ^ ^ ^ n n n n n n o w n w cm 

HH W 

3 


UJ 

o 

D 

h C ^ CM P) ^ ID (0 N CO CD 1 


:8888888888888888888888S888888888S888§88SS88888888 


1 in < 


in O in o in O in O in O in o in ' 


in 


in 


1 in o in 1 


' in 1 


1 in o in o in o m 


- in 1 


w h O O O O O O O O O O w w n rt nr t in in ip m s h 00 co 0) 0) O O ^ ^ « w n n ^ ^ in id «) ip i" N » 00 O) 0) O O 
HLLinminininininininininininininininininininintnininintnini0i0i0i0i0i0i0i0i0i0i0i0i0i0i0i0i0i0i0i0C't^ 


20 



Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued) 
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Table 5. STS-31 ascent atmospheric data tape (continued). 
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Table 5 . STS-3 1 ascent atmospheric data tape (continued). 
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Table 5. STS-31 ascent atmospheric data tape (continued) 
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Surface synoptic map at 1200 u.t. April 24, 1990 — isobaric, frontal, and 
precipitation patterns are shown in standard symbolic form. 


Figure 1. Surface synoptic chart 34 min before launch of STS-31 






500-mb height 
Contours at 1200 u.t. 

April 24, 1990 

Continuous lines indicate height contours at feet above sea level. 
Dashed lines are isotherms in degrees centigrade. Arrows show wind 
direction and speed at the 500-mb level. 


Figure 2. 500-mb map 34 min before launch of STS-31. 
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Figure 3. GOES-7 infrared imagery of cloud cover 8 min before launch of STS-31 (1226 u.t., 

April 24, 1990). 500-mb heights (meters) and wind barbs are also included for 1200 u.t 
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Figure 5. Scalar wind speed and direction at launch time of STS-31. 





Figure 6. STS-31 prelaunch/launch Jimsphere-measured wind speeds (ft/s). 
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Figure 7. STS-31 prelaunch/launch Jimsphere-measured wind directions (degrees). 







(leeioux) eprnmv (MoidD ©pnwiv 


34 




()00}O|!)t) ©pnUHV 



( 100 |O||X) 0pn«iiv 




(100PI1X) 0pnimv (i00joisx) 0pnwiV 


C/3 



C/3 

c 


<d 

a 

o 

o< 

£ 

o 

o 

<D 

§ ^ 

O- g 

f I -I V-I 

? S? 
3 

0 o 

^3 <* 

1 « 

C/3 — , 

cd *S 

a 3 
£ E 
fi 3 

Xi 

& W) 

B £ 

^ o 

x a 

U C 

s e 

3 £ 

^ o 
X C£ 
o 
c 

§ 

H 

Ou 


m 

i 

00 


H 


C /3 


ON 

£ 

W) 


tX 


35 








REFERENCES 


1 . Saturn Flight Evaluation Working Group: Saturn Launch Vehicle Flight Evaluation Report - 
Appendix A - Atmosphere (A separate report is prepared for each Saturn vehicle launch 
operation). George C, Marshall Space Flight Center, Alabama. 

2. Johnson. D.L.: Summary of Atmospheric Data Observations for 155 Flights of MSFC/ABMA 
Related Aerospace Vehicles. NASA TM X-64796, December 5, 1973. 

3. Johnson. D.L.: Atmospheric Environment for ASTP (SA-210) Launch. NASA TM X-64990, 
February 1976. 

4. Johnson. D.L.. Jasper. G., and Brown, S.C.: Atmospheric Environment for Space Shuttle 
(STS- 1 ) Launch. NASA TM 82436, July 1981. 

5. Johnson, D.L. and Brown, S.C.: Atmospheric Environment for Space Shuttle (STS-2) 

Launch. NASA TM 82463, December 1981. 

6. Johnson, D.L., Brown, S.C., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-3) Launch. NASA TM 82480, April 1982. 

7. Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-4) Launch. NASA TM 82498, July 1982. 

8. Johnson, D.L., Hill. C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-5) Launch. NASA TM 82515, March 1983. 

9. Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-6) Launch. NASA TM 82529, May 1983. 

10. Johnson, D.L., Hill. C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-7) Launch. NASA TM 82542, July 1983. 

11. Johnson, D.L., Hill, C.K., Turner, R.E., and Batts, G.W.: Atmospheric Environment for 
Space Shuttle (STS-8) Launch. NASA TM 82560, October 1983. 

12. Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-9) Launch. NASA TM 82572, January 1984. 

13. Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-11) Launch. NASA TM 82580, March 1984. 

14. Johnson, D.L., Hill, C.K., Jasper, G., and Batts, G.W.: Atmospheric Environment for Space 
Shuttle (STS-13) Launch. NASA TM 82588, May 1984. 


37 



15. Johnson, D.L., Hill, C.K., Jasper, G., and Batts, G.W.: Atmospheric Environment for Space 
Shuttle (STS-4ID) Launch. NASA TM 86484, October 1984. 

16. Johnson, D.L., Hill, C.K., Jasper, G., and Batts, G.W.: Atmospheric Environment for Space 
Shuttle (STS-41G) Launch. NASA TM 86486, November 1984. 

17. Johnson, D.L., Jasper, G., Hill, C.K., and Batts, G.W.: Atmospheric Environment for Space 
Shuttle (STS-51A) Launch. NASA TM 84697, December 1984. 

18. Jasper, G.L., Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for 
Space Shuttle (STS-51C) Launch. NASA TM 86508, April 1985. 

19. Jasper, G.L., Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for 
Space Shuttle (STS-51D) Launch. NASA TM 86524, June 1985. 

20. Jasper, G.L., Johnson, D.L., Hill, C.K., and Batts, G.W.: Atmospheric Environment for 
Space Shuttle (STS-51B) Launch. NASA TM 86525, July 1985. 

21. Jasper, G.L., Johnson, D.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-51L) Launch. NASA TM 86577, December 1986. 

22. Jasper, G.L., Johnson, D.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-26) Launch. NASA TM 100359, March 1989. 

23. Jasper, G.L., Johnson, D.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle 
(STS-27) Launch. NASA TM 100370, May 1989. 

24. Jasper, G.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-29) 

Launch. NASA TM 100376, July 1989. 

25. Jasper, G.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-30) 

Launch. NASA TM 100381, September 1989. 

26. Jasper, G. L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-28) 
Launch. NASA TM 100386, 1990. 

27. Jasper, G.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-34) 

Launch. NASA TM 100396, 1990. 

28. Jasper, G.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-33) 

Launch. NASA TM 100399, March 1990. 

29. Jasper, G.L., and Batts, G.W.: Atmospheric Environment for Space Shuttle (STS-32) 

Launch. NASA TM 100400, March 1990. 


38 



30. Jasper. G.L., and Batts. G.W.: Atmospheric Environment for Space Shuttle (STS-36) 
Launch. NASA TM 100403, May 1990. 

31. Justus. C.G.. et al. : The NASA/MSFC Global Reference Atmosphere Model - Mod 3 (With 
Spherical Harmonic Wind Model). NASA CR-3256. March 1980. 


39 



APPROVAL 


ATMOSPHERIC ENVIRONMENT FOR SPACE SHUTTLE (STS-31) LAUNCH 

By G.L. Jasper and G.W. Batts 


The information in this report has been reviewed for technical content. Review of any 
information concerning Department of Defense or nuclear energy activities or programs has been 
made by the MSFC Security Classification Officer. This report, in its entirety, has been determined 
to be unclassified. 


^ / tie'll' 

E. Tandberg-Hanss^n 


Director. Space Science Laboratory 


☆ U.S. GOVERNMENT PRINTING OFFICE 1990-731-061/20199 



